Novel Calix [4] arene Netwok (NCN) resin has been synthesized using Amberlite XAD-2 as the starting material. Hydroxyl groups have been introduced onto the para position of alkylated phenyl ring of Amberlite XAD-2 followed by the condensation to NCN by reacting it with formaldehyde. The NCN resin has been used for the remediation of Cr(VI) contaminated water using factorial design approach. A face-centered Draper-Lin composite design predicted ~100% removal effi ciency at optimum variables (the initial concentration of Cr(VI) ion 10 mg/l sorbent dose 200 mg, agitation time 136 min and pH 2). The accuracy and the fi tting of the model were evaluated by ANOVA and R 2 (0.9992) values. The 99.5% removal effi ciency has been achieved experimentally at the optimum values of the variables. The Langmuir and D-R isotherm models were applicable to the sorption data with the value of R L and the sorption free energy 0.0057-0.1 and 7.93 kJ/mol respectively, suggesting favorable and physical/ion-exchange nature of the sorption. The calculated sorption capacity was 176.1±2.4 mg/g. The recycling studies of NCN resin showed that the multiple use of resin is feasible. Effect of concomitants has also been studies and proposed method was applied successfully for removal (98.7%) of Cr (VI) from electroplating wastewater.
INTRODUCTION
Chromium which has been widely used by men for years, can be regarded as a longstanding environmental contaminant as a result of numerous industrial processes such as the leather tanning, electroplating, oxidative dyeing and manufacturing of steel paints and textiles
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. Cr(VI) ion species are strong oxidants, which act as carcinogens, mutagens and teratogens in biological systems 2, 3 . The structural similarity of Cr(VI) anions to the biologically important inorganic anions, such as SO 4 2− and PO 4 3− ,is probably responsible for their ability to readily transverse cell membranes through the sulfate transport system 4 . The maximum permissible levels of Cr(VI) in potable water, inland surface water and industrial wastewater are 0.05, 0.1 and 0.25 mg/l respectively 5 . Beyond the permissible levels, it can cause health disorders, such as vomiting and hemorrhage 6 . Strong exposure to Cr(VI) ion causes cancer in digestive tract and lungs and may cause epigastric pain, nausea, vomiting, severe diarrhoea and hemorrhage. It has adverse impacts on aquatic species as it accumulates in fi sh tissues and causes reduction in fi sh production at higher concentration 7 . Reduction of the amount of such metal ions from such effl uents to a permissible limit before discharging them into streams and rivers is very much important for human health and the environment 8 . Therefore, Cr(VI) ion must be properly treated before it is allowed for direct discharge to natural water streams 9 . For the treatment of wastewaters, various sorbents such as impregnated and chemically modifi ed Amberlite XAD series with various organic ligands have been reported 10- 13 . In this study we focus on the synthesis of Novel Calix [4] arene Network (NCN) sorbent (7) from Amberlite XAD-2 (1) without using any organic ligand for the treatment of Cr(VI) contaminated water. XAD-2 (1) contains phenyl groups, these phenyl groups were converted into para substituted phenols (5) and these para substituted phenols were converted into NCN resin (7) . This paper reports on the synthesis of a NCN (7) resin and its application with a combined effect of four parameters, viz., adsorbent dose, pH, temperature and adsorbate concentration, a factorial design approach was adopted to optimize the removal effi ciency and to study the interaction between effective variables.
MATERIALS AND METHODS

Adsorbate: Cr(VI) ion
A stock solution of Cr(VI) was prepared (1000 mg/l) by dissolving the required amount of potassium dichromate (K 2 Cr 2 O 7 ) in deionized water and was diluted with deionized water to obtain a series of solutions of concentration ranging from 10 to 100 mg/l. Amberlite XAD-2 resin beads of surface area 330 m 2 /g, pore diameter 9 nm and bead size 20-60 mesh was obtained from Aldrich (Milwaukee, USA). HCl, acetate buffer and NaOH were used to maintain the pH 2.0, 5.5 and 9.0 respectively. CH 3 COOH, CH 3 COONa, SnCl 2 , NaOH, HCl, H 2 SO 4 , HNO 3 , NaNO 2 and Iodide-Starch Paper were the products of Merck (Darmstadt, Germany).
Adsorbent: Synthesis of Novel Calix[4]arene Network Resin from Amberlite XAD-2
The Calix [4] arene resin has been synthesized by the conversion of Amberlite XAD-2 (1) into XAD-2 diazonium salt (4) . The reaction scheme is illustrated in Fig.  1(1-4) . Diazotization was performed by the reported procedure 14 , as concentrated nitric acid (10 ml) and sulphuric acid (25 ml) were added to Amberlite XAD-2 (5 g) and the mixture was stirred at 60 o C for 1 h on a water bath. Thereafter, the reaction mixture was poured into an ice-water mixture. The nitro derivative (2) was fi ltered off, washed repeatedly with deionized water until free from acid. The nitro derivative was then added to a reducing mixture of SnCl 2 (40 g), concentrated HCl (45 ml) and ethanol (50 ml). The mixture was refl uxed for 12 h at 90 o C. The amino derivative (3) was fi ltered off and washed with deionized water and 2.0 M NaOH and then with 2.0 M HCl and fi nally with deionized water to remove the excess of HCl. For diazotization, amino derivative (3) was suspended in 1.0 M hydrochloric acid (50 ml) solution at 0-5 o C and 1.0 M sodium nitrite solution was added drop wise with stirred till the reaction mixture showed a permanent dark blue colour with Iodide-Starch Paper. The diazonium derivative (4) was fi ltered off and washed with ice-cold water. The diazonium derivative (4) was hydrolyzed to phenol derivative (5) by adding 100 ml of deionized water and 0.01 M of Acetic acid (10 ml) and reaction mixture was refl uxed at 90 o C till the disappearance of effervescences, formed due to release of molecular nitrogen from diazonium surface. The phenol derivative (5) was fi ltered off and washed with deionized water to remove excess acid. The phenol derivative (6) was converted into NCN resin (7) by refl uxing with formaldehyde (50 ml) and 0.01 M NaOH (10 ml) at 60 o C for 12 h. The resulting dark-brown resin was fi ltered off, washed with deionized water and air-dried.
Batch Adsorption Experiments
All the experiments were performed in a thermostated shaker at controlled temperature of 30 o C for a period of 10-180 min at 100 rpm using 250 ml Erlenmeyer fl asks containing 10 ml of different Cr(VI) ion concentrations maintained at pH 2-9. The retention of Cr(VI) on NCN resin was conducted by agitating different weighted amount (50-200 mg) of the synthesized resin with 10 ml of Cr(VI) ion solution of different concentration (10-100 mg/l) at constant temperature of 30 o C. The residual of Cr(VI) ion concentration was determined using the Perkin Elmer Atomic Absorption Spectrophotometer (AAS). The percent removal of Cr(VI) ion was calculated by eq. 1.
(1) Where C i and C e are the initial and equilibrium concentration (mg/l) of Cr(VI) ion solutions respectively.
Experimental Design
Response Surface Methodology (RSM), an experimental technique was designed to fi nd an optimal response. The Central Composite Design (CCD) was selected to study the combined effects of adsorbent dose (A, mg), pH of Cr(VI) ion solution (B), initial Cr(VI) ion concentration (C, mg/l) and agitation time (D, min) on percent removal. Each variable was studied at three different levels (low, medium and high, coded as -1, 0 and +1 respectively) as shown in Table 1 . The design consisted of thirty runs, each run was performed twice to fi nd the mean values for the CCD analysis under the response surface methodology. The design of the experiments was statistically analyzed by using Stat Graphics plus for Windows 5.1 (Stat-Point Technologies Inc. 2009) 15 .
RESULTS AND DISCUSSION
The conventional batch sorption method require large number of experiments to fi nd the optimal response. A major disadvantage of the conventional method is that it uses a variation of only one parameter at a time keeping the other parameters constant, and thus, the cumulative effect of all the affecting parameters at a time cannot be studied which could lead to unreliable results 16 . However, in RSM, the interactions of two or more variables can be studied simultaneously and the results are more reliable with the less process variability, less treatment time and minimum cost 17 . The CCD model was used to optimize the uptake of Cr(VI) ion by synthesized resin. The adsorption experiments, 1-25 (Table 2) were performed to optimize the sorption and 25-30 (Table 2) were performed to fi nd the experimental error. The CCD model predicted the 100% removal of Cr(VI) ions while experimentally 99.5% of Cr(VI) ions have been removed successfully from aqueous media by synthesized resin at optimum values; adsorbent dose 200 mg, initial Cr(VI) ion concentration 10 mg/l, agitation time 136 min and pH 2. R 2 =99.92% and R 2 adj. =99.84%, indicating that the experimental and predicted values for Cr(VI) ion uptake are in close agreement as shown in Table 2 . The accuracy and the fi tting of the model were evaluated by the analysis of variance (ANOVA). The ANOVA results showed the lack of fi t is not signifi cant and regression is meaningful (P=0.00352<0.05) as shown in Table 3 .
Characterization
The infrared spectra of Amberlite XAD-2 (1), NCN resin (7) and Cr(VI) loaded NCN resin were recorded using the Thermo Nicolet FT-IR spectrometer containing diamond accessory. Figure 2 (a-b) shows the FT-IR spectrum of XAD-2 (unmodifi ed) and NCN resin, the additional peaks at; 3378.89 cm -1 for OH and 1348.01 cm -1 for CH 2 in the FT-IR spectrum-b, supported the formation of NCN resin. In order to confi rm the formation of NCN resin (7), an elemental analysis of synthesized resin was performed and resulted C, 84. 
Statistical Analysis
The verifi cation of the model adequacy is an important part of the data analysis procedure, as the approximating model would give poor or misleading results if it is an inadequate fi t. The residual plots were examined to approximate the model 18 .
Interpretation of Residual Graphs
The residual is the difference between the observed and the predicted values from the regression to obtain the normal distribution. The Durbin-Watson statistic test is a powerful statistical mean that generates normal probability plot and performs a hypothesis test to examine whether the observations follow the normal distribution. The P value (0.00352< 0.05) showed that the null hypothesis could not be rejected so it was concluded that residuals followed the normal distribution. It could be seen that the experimental points were reasonably aligned, suggesting normal distribution.
The normality of the data can be checked by plotting the normal probability plot (NPP) of the residuals. Fig.  4a , plots the normal probability versus residuals for the removal of Cr(VI) ion. The residuals show, how well the Table 3 . ANOVA and estimated regression coeffi cients for Cr(VI) ion removal by NCN resin model satisfi es the assumptions of ANOVA. The residuals measure the number of standard deviations separating the actual and predicted values that indicate, neither the response transformation was needed nor there was any apparent problem with normality. Fig. 4b plots the residuals versus the predicted values (fi tted); the residuals were scattered randomly around zero, showing that the errors have a constant variance. The general impression was that the plot should be a random scatter, suggesting the variance of original observations is constant for all values of the response. This plot also indicates the possible existence of the outliers if a point lies far from the majority of points. It is important to identify the outliers, because they can signifi cantly infl uence the model, providing the potentially misleading or incorrect results. All points were found in the range of +1.5 to −1.5, which confi rmed that the model did not violate the regression assumptions. Fig. 4c shows the plot for the observed versus the predicted adsorption of Cr(VI) ions onto NCN resin. The actual values measure the percent removal data for a particular run and the predicted values are evaluated from the CCD model and are generated by using the approximating functions. The plot showed a good agreement between the experimental and the predicted values of sorption.
Interpretation of Response Surface Plots
The 3D response surface plots (Fig. 5a-5c ) are the graphical representations of the regression equation. The main goal of response surface is an effi cient search for the optimum values of variable when the response is maximized. Each graph represents an infi nitive number due to the increase of active sites, while metal uptake increased with an increase of agitation time, a decline was observed with a further increase of the agitation time might be due to the desorption process. With the increase of the adsorbent dose, the extent of the effect of agitation was increased, within 136 min, about 99.5% removal of Cr(VI) ion was achieved. Fig. 5c shows the combined effect of agitation time (10-180 min) and initial Cr(VI) ion concentration (10-100 mg/l) on the uptake of Cr(VI) ions at optimum pH (2) and adsorbent dose (200 mg). The initial Cr(VI) ion concentration has inverse effect on percent removal of Cr(VI) ion, the extent of the effect of the agitation time decreased with the increase of initial Cr(VI) ion concentration, indicated the adsorption equilibrium because of the limited adsorption sites available for Cr(VI) ions
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Adsorption Isotherms
The equilibrium relationship between the adsorbent and adsorbate was described by the adsorption isotherms, usually the ratio between the quantity adsorbed and that remaining in solution at a fi xed temperature at equilibrium. In order to evaluate the sorption capacity and the shows an interactive effect of pH (2-9) and initial Cr(VI) ion concentration (10-100 mg/l) at the optimum adsorbent dose (200 mg) and the agitation time (136 min) on Cr(VI) ions uptake. The cavities and hydroxyl groups of NCN resin played a vital role in the adsorption of Cr(VI) ion. About 60% of Cr(VI) removal was achieved due to the adsorption in the cavities that was not effected by pH ranging 6-9, while Cr(VI) removal further increased to 99.5% due to functioning of pH ranging 6-2 and can be explained on the basis of the participation of hydroxyl groups of the resin. In the acidic medium, the protonation of hydroxyl groups occurred, the extent of protonation increased as pH decreased (6-2). The positively charged hydronium ions associated with the negatively charged CrO 4 2− and Cr 2 O 7 2− existing in the acidic medium, resulting in an adequate increase in percent sorption
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. While percent removal slightly decreased with increasing initial Cr(VI) ion concentration. Fig. 5b shows the interactive effect of adsorbent dose (50-200 mg) and the agitation time (10-180 min) at the optimum initial Cr(VI) ion concentration (10 mg/l) and pH (2) on uptake of Cr(VI) ion. The Cr(VI) ion uptake was increased with increasing adsorbent dose nature of sorption of Cr(VI) ions onto the surface of NCN resin. The Langmuir and Dubinin-Radushkevich (D-R) isotherms were investigated.
Langmuir Isotherm
The Langmuir isotherm model is based on the assumption that there are fi nite numbers of active sites which are homogeneously distributed over the surface of the adsorbent and there is no interaction between the adsorbed molecules. The study of isotherm was carried out by varying the initial Cr(VI) ion concentrations ranging 10-100 mg/l while pH was kept constant at 2. The amount of the sorbent used was 200 mg and the mixture was agitated for 136 min at 30 o C. The linear form of the Langmuir equation is represented by eq. 2.
(2) Where C e is the equilibrium concentration of Cr(VI) ions in solution (mg/l) and C ads . is the adsorbed amount of Cr(VI) ion onto NCN resin surface (mg/g), Q and b L are the Langmuir constants related to the monolayer sorption capacity (ml/g) and free sorption energy (l/g) respectively. Experimental data fi tted eq. 2 very well with correlation coeffi cient equal to 0.982. An important characteristic of the Langmuir isotherm can be expressed by a dimensionless factor, R L , mathematically represented by eq. 3. (4) Where,  is Polanyi potential and is equal to RT ln (1 + 1/C e ), T is temperature and R is general gas constant; β is related to the mean free energy of adsorption per mole of the adsorbent when it is transferred from infi nite distance in the solution to the surface of the solid. C ads. and C e are as previously described, a linear relationship was obtained as a plot of ln C ads . versus C e with correlation coeffi cient equal to 0.973. Magnitude of adsorption energy was calculated from the slope of the plot using eq. 5 and was found to be 7.93 kJ/mol, suggesting the sorption process may be physical and/or partially ion-exchange 22 .
POSSIBLE SORPTION MECHANISM
Based on the FT-IR study, pH dependent sorption observations and mean free energy of the sorption calculated from D-R isotherm following mechanism of the process could be proposed. The cavities and hydroxyl groups of NCN resin participated in the sorption process. Hydroxyl groups undergo protonation to form positively charged hydronium ions which associated with the negatively charged chromate ions resulting in the adsorption, as shown in eq. 6.
(6)
MODEL VALIDATION
The optimum adsorption conditions determined from CCD model were used to validate the model. The model was proved to be valid due to its good predictability. Maximum percent removal (99.5%) of Cr(VI) ions was achieved at optimum conditions predicted by CCD model and comparable experimental and predicted removal values. Table 4 shows a good agreement between experimental and predicted values for Cr(VI) ions removal. This shows that the model has high prediction ability.
DESORPTION AND RECYCLING OF NCN RESIN
Desorption of the adsorbed Cr(VI) ion from the NCN resin was also studied in a batch experimental system. Various factors are probably involved in determining the rates of Cr(VI) ion desorption, such as the extent structure of the sorbent desorbing the medium and the nature of binding between adsorbent and adsorbate. However, an important factor appears to be binding strength. When 1.0 N NaOH was used as a desorption agent, the coordination sphere of chelated Cr(VI) anions was disrupted and subsequently Cr(VI) anions were released from the Cr(VI)-templates into desorption medium. In order to show the recycling of the NCN resin, adsorption-desorption cycles were repeated 6 times using the same NCN resin. NCN resin was reused and successfully adsorbed Cr(VI) ion without signifi cant decrease in the sorption capacity.
INTERFERENCE OF OTHER IONS
The interfering effect due to Cd 2+ Cu + , Cu 2+ , Al 3+ , Pb 2+ , Mg 2+ , Ca 2+ , Na + and K + at 10-fold excess was also studied at optimum conditions. It was found that under these conditions, there is no signifi cant adverse effect on percent removal of Cr(VI) ions.
APPLICATION OF METHOD
The applicability of the proposed method was tested for the removal of Cr(VI) ions from an electroplating wastewater sample that was obtained from a small scale electroplating unit in Karachi, Pakistan. The sample was stored in polythene bottle. Cr(III) ions present in Table 4 . Model validation for Cr(VI) ion removal by NCN resin the electroplating wastewater sample was oxidized to Cr(VI) ions with alkaline peroxide. The total chromium concentration was determined spectrophotometrically. The wastewater sample was treated with NCN resin in the batch process at optimum variables. Overall 98.7% of Cr(VI) ions have been adsorbed onto NCN resin. By applying 1.0 N NaOH, 100% desorption was achieved. NCN resin was reused six times successfully without a signifi cant decrease in its performance.
COMPARISON OF SORPTION CAPACITIES
Various modifi ed resins have been reported for the uptake of Cr(VI) ions from aqueous media. The capacity of NCN for Cr(VI) ions uptake is comparatively better than the other modifi ed resin as shown in Table 5 . This is due to the participation of hydroxyl groups and cavities for the adsorption of Cr(VI) ions.
CONCLUSIONS
The FT-IR and elemental analysis showed successful conversion of Amberlite XAD-2 into NCN resin. The synthesized NCN resin has been effectively used for Cr(VI) ions remediation using factorial design approach (R=0.9992) to predict the optimum variables. 98.7% of Cr(VI) ions have been removed successfully from electroplating wastewater, confi rmed the practical applicability of the synthesized resin.
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